Although it is well known that some dietary measures are able to beneficially affect blood pressure (BP) levels, hypertensive patients find it very difficult to definitively change their nutritional habits. The aim of this study was to evaluate the effects on BP of a return to the habitual diet following a dietary intervention period. Three hundred and seven hypertensive patients (149 females, 158 males) with a mean age of 52 ± 12 years were included in the study. All enrolled patients had reported having reverted to their habitual diet after a period of at least 6 months on a prescribed low-energy and/or low-sodium diet. Nutritional habits were investigated by a simple semiquantitative 24-item food-frequency questionnaire. Patients were divided into tertiles according to their systolic BP. The groups differed in regard to their body mass index (27.6 ± 4, 28.7±4, and 30.4 ± 6 kg/m 2 , respectively, for the low-to high-systolic BP groups, but were similar in regard to the number of antihypertensive pills taken (2.1 ± 0.9, 2.2 ± 1.2, 2.2 ± 1.3) and metabolic parameters. Patients in the lowest tertile consumed a diet significantly lower in the percentage of energy from saturated fats and sodium content and significantly higher in the percentage of energy from carbohydrate, and the fiber and potassium content in comparison to the highest tertile. The number of servings of legumes, fish and cooked vegetables was higher and that of salami and cheese lower in the 1st tertile. Definitively changing a habitual diet to a healthier one is a difficult task for hypertensive patients. However, those who return to a diet richer in vegetables, legumes and fish and poorer in saturated fat and salt achieve better control of their BP, without increasing the number of antihypertensive pills. (Hypertens Res 2007; 30: 1043-1050)
Introduction
There is a close relationship between blood pressure (BP) levels and other metabolic abnormalities, such as overweight or frank obesity particularly visceral obesity (1, 2) , hyperglycemia or diabetes (3, 4) , dyslipidemia, due to high triglycerides and low high-density lipoprotein (HDL)-cholesterol levels (5, 6) . The clustering of three or more of these abnormalities is referred to as metabolic syndrome (7, 8) , which carries an increased risk of cardiovascular diseases (9, 10) . The main purpose of antihypertensive treatment is to achieve the maxi-mum reduction in the long-term total risk of cardiovascular morbidity and mortality by treating all the reversible risk factors identified (11) . In this regard, lifestyle measures are particularly important in patients with arterial hypertension in order to control not only BP but also other risk factors and clinical conditions that eventually develop. Of the different measures that have been proposed, only some are suggested by the guidelines to effectively lower BP levels (11, 12) : weight loss in order to reduce and maintain body mass index (BMI) < 25 kg/m 2 (13) , reduced salt intake (approximately 4.0 g/day of sodium chloride) (14) , increased potassium intake (approximately 4.7 g/day) (15) , increased intake of fruit and vegetables and reduced intake of saturated fat and cholesterol (16) , and moderate alcohol intake (17) . Some studies have also reported that increased intake of monounsaturated (18, 19) and polyunsaturated (20) fatty acids, as well as supplementation with fish oil (21) , fiber (22) , calcium (23) and magnesium (24) , significantly affected BP levels, but these effects have not been observed consistently in all studies.
This study was prospectively designed to evaluate the longterm effects (at least 2 years) of a low-sodium and/or lowenergy diet on BP control and their interaction with antihypertensive drugs. The design included two phases: in the first one, the intensive diet phase, patients were prescribed a lowenergy and/or low-sodium diet along with antihypertensive medications and were followed-up by doctors and dieticians at 1-month intervals for 6 months. In the second phase patients were still prescribed diet and drugs but were seen by the doctors without the dietician at 2-month intervals. Six months after starting this second phase, patients were asked to fill out a questionnaire regarding their daily food intake in order to assess their compliance to the diet. As frequently occurs with hypertensives started on such regimens (25) , when the initial phase of care with weight loss was over, at approximately 6-12 months after starting, many patients reverted to their habitual diet. The present investigation focused, therefore, on the possible effects on BP levels of the return to a habitual daily diet after a period of strict compliance to a dietary regimen.
Methods

Patients
Three-hundred-seven patients (149 females, 158 males) with a mean age of 54±12 years (range: 19-88 years) who were seen regularly in the hypertension outpatient clinic of our department were entered into the study.
The inclusion criteria were: 1) Follow-up in the outpatient clinic for at least 1 year; 2) No change in the dietary prescription in the last 6 months; 3) Previous compliance to the diet with weight loss, and discontinuation of the diet in the last 6 months; 4) No change in the daily dosage of antihypertensive medications in the last 6 months; 5) No use of oral contraceptives in the last 6 months.
Upon their first visit to the outpatient clinic, all patients had received a dietary prescription to reduce their daily intake of sodium and increase that of potassium. Caloric intake had been tailored on the basis of their body mass, ranging from 1,100 kcal/day in the obese subjects to 1,500 kcal for those overweight to 2,200 kcal for patients with normal body weight (BW). Olive oil was the main source of fat and dieticians recommended that it be added to the food in a dose ranging from 2 to 5 tablespoons according to the total daily calories. The composition of these diets is shown in Table 1 . All patients had been on a diet for at least 6 months (initial care program) but had discontinued it at from 3 to 6 months before inclusion in the present analysis.
Patients eligible for the study were informed of the purpose of the present investigation and their informed consent was obtained. They were asked to fill out a simple semiquantitative 24-item food-frequency questionnaire, which had been previously validated against a 7-day food record (26) . This questionnaire collected data about the daily or weekly number of servings of the main food groups, from which dieticians could calculate the total calories and percentage of total energy from the different dietary components. In particular, subjects were asked to report the number of servings of carbohydrates (bread, pasta, rice), fish, eggs, milk, dairy products, fruits and vegetables, and fat and oil. Finally, they were asked about their daily working activity and lifestyle overall. Based on their responses to items regarding their physical activity, subjects were then divided into three groups: those who were sedentary, those whose physical activity was limited to walking, and those who participated in a regular physical activity. Subjects were also asked how many times each week they walked or participated in a regular physical activity, with possible responses ranging from less than 1 h weekly to more than 4 h. At the same visit, BP, heart rate (HR), BW, height (Ht), and waist circumference (WC) were measured; BMI was calculated as BW/Ht 2 (kg/m 2 ). Type of antihypertensive drugs used and number of daily pills were also recorded, with one pill corresponding to a daily dosage of 25 mg of hydrochlorothiazide, 20 mg of lisinopril, 300 mg of irbesartan, 10 mg of amlodipine, 100 mg of atenolol, or 8 mg of doxazosin.
Thereafter patients underwent measurements of the following biochemical parameters: fasting blood glucose (FBG), serum creatinine (Cr), creatinine clearance (Cr Cl), total cholesterol (Chol), cholesterol in the high-density lipoproteins (HDL-chol), triglycerides (Tg), serum electrolytes (sodium [Na] and potassium [K]); cholesterol in the low-density lipoproteins (LDL-chol) was calculated according to the Friedewald formula (27) .
Statistical Analysis
Data were analyzed by using the SPSS (SPSS-PC; SPSS Inc., Chicago, USA) statistical package. Results were expressed as the means±SD or 95% confidence intervals (CI) as indicated. Comparisons of means were performed by Student's t-test for paired data and one-way analysis of variance with Tukey's multiple comparisons. Pearson linear correlation was used to detect bivariate associations between different variables. Differences between nonparametric variables were assessed by χ 2 test.
Results
At the end of the initial care program BW had decreased in all patients from 82.4±18 to 77.6±16 kg (p< 0.001) and BP from 153.6±10/93.6±6 to 122.5±4/78.6±6 mmHg (p< 0.001), without a change in HR (from 71.4±6 to 71.9±9 beats/min).
Patients were divided into tertiles according to their systolic blood pressure (SBP), measured at the end of the intensive diet period, immediately after they had completed the nutritional questionnaire. Cut-offs for the SBP tertiles were ≤ 129 mmHg for the first, > 129 and ≤ 140 mmHg for the second, and > 140 mmHg for the third. Eighty-one patients were included in the 1st tertile, 125 in the 2nd, and 101 in the 3rd.
The BP tertiles did not differ for pre-treatment BP (i.e. BP measured at the beginning of the intensive diet phase), but were slightly different for SBP at the end of the intensive diet phase ( Table 2 ). At the time that the questionnaire was administered, on the other hand, the tertiles differed not only with respect to SBP and diastolic blood pressure (DBP), by definition, but also in regard to BMI (Table 3 ). HR did not change over the study period, according to the criterion that patients had not changed treatment before the inclusion in the study and during the observation period. No difference was detected in the main parameters of biochemistry. The rate of regular physical activity was similar among the three groups (16% of the patients in the 1st tertile, 13% in the 2nd tertile and 12% in the 3rd tertile performed regular physical activity) but walking was more frequently performed in the first tertile than the others (30% vs. 17% and 21%, respectively).
Regarding the antihypertensive drug consumption, no difference was detected among the groups: 94% of patients in the 1st, 91% in the 2nd and 92% in the 3rd tertile were on antihypertensive medications and the mean daily pill consumptions were 2.1±0.9, 2.2±1.2 and 2.2±1.3 pills, respectively. Regarding the type of drug used, no difference was detected in the consumption of β-blockers, angiotensin converting enzyme inhibitors, and calcium antagonists, while patients in the 2nd and 3rd tertile groups used diuretics and α-blockers more frequently than those of the 1st tertile group.
Most of the patients declared that they were still trying to reduce their salt and caloric intake, despite having discontinued the prescribed diet more than 3 months ago. In particular, 70% of patients in the 1st tertile were found to have reduced, at least in part, their sodium and caloric intake (51% were on a low-salt diet and 19% on a low-salt, low-energy diet) vs. 51% in the 2nd tertile (31% on a low-salt and 20% on a lowsalt, low-energy diet) and only 33% in the 3rd tertile (19% on a low-salt and 14% on a low-salt, low-energy diet). This difference was statistically significant (p< 0.01). The mean energy intake in the three groups, calculated on the basis of the food record, and the percentage of calories from each source of macronutrients are indicated in Table 4 . The same table also shows the calculated daily intake of sodium, potassium, calcium and magnesium. It is evident that the three groups did not differ significantly in regard to their total daily energy intake, but patients with better SBP control reported ingesting more calories from carbohydrates and less from saturated fats than the other groups, with a reduced intake of sodium chloride (3.3±1, 3.8±2, 4.1±2 g daily, respectively) and an increased intake of potassium (3.5±1, 3.5±1, 3.1±1 g daily, respectively). Accordingly, the daily intake of fiber was increased in the patients of the 1st tertile. The weekly numbers of main servings are shown in Table 5 .
Finally, SBP and DBP were inversely correlated with weekly intake of fish and cooked vegetables and directly correlated with weekly intake of cheese and salami, as shown in Table 6 .
Discussion
The regulation of BP levels depends on the interaction among different factors of both environmental and genetic origin (28) . In observational studies a close relationship between BP values and BW has been shown; furthermore, intervention trials have demonstrated a significant reduction in BP levels in association with lifestyle and dietary changes (12, 29) . According to the guidelines for the treatment of hypertension (11) , all patients seen in our hypertension outpatient clinic discuss their dietary habits with dieticians and are informed about the necessary changes for optimizing their BP control. They are, therefore, instructed on how to reduce their salt intake and increase their potassium intake. Moreover, patients who need to reduce their BW are prescribed a severe hypocaloric diet (1,100 kcal) if their BMI is > 30 kg/m 2 or a moderate hypocaloric diet if their BMI is ≥ 26 kg/m 2 and < 30 kg/m 2 . Patients with normal BW or mild overweight are suggested to follow a low-sodium diet without changes in the habitual caloric intake if it is within 2,200 kcal/day. Patients entered into the present study were able to reduce their BW during the period of intensive diet, but in the second phase we found in the vast majority of them a tendency to return to their habitual diet. Patients declared that they had quit their prescribed diet for at least 3 months, although, in many cases, they were still trying to reduce their total daily energy and salt intake and change their food choices to healthier food groups (less saturated fats, and more legumes, vegetables and fish). At the time of the administration of the food intake questionnaire all patients had achieved a reduction in BW, which was of slightly lower degree in the group with the worst BP control. Almost all patients were concomitantly on antihypertensive pills, and the compliance with the treatment was judged to be sufficiently accurate. The therapeutic goal of a BP < 140/90 mmHg had been achieved in 2/3 of the patients, and that of optimal BP control had been achieved in about 1/3 of the patients.
The present data confirm that it is difficult to obtain good compliance with a diet over the long term, particularly when patients are no longer included in an intensive diet program of follow-up. On the other hand, a previous 3-year follow-up study showed that lifestyle modifications can be successfully implemented in the clinical setting (30) . In the present study, patients with good and even those with optimal BP control remained overweight, and those with poor BP control were still obese. These unsatisfactory results were achieved despite the fact that the dieticians had reinforced the dietary message at each visit for 6 months and patients had been well informed that BW reduction is associated with the prevention of hypertension (31) and the reduction of antihypertensive drug dosage (32, 33) . In this regard, the present study contributes the information that the beneficial effects of BW reduction might be blunted over time if patients discontinue their diet in terms of not only energy intake but also quality of food, even if they have not completely regained their previous BW.
This observation brings us to a second point of discussion: whether the effects on BP should be attributed to the change in BW or to the change in the nutritional intake. In the present study BW increased from the end of the initial care period to the time of the recruitment into the study in the same way in the three groups which, nevertheless, showed different BP levels. There is, obviously, no doubt that weight increase is associated with an increase in BP levels; the present study, however, found in addition that better BP control was also associated with the choice of food groups with less energy intake from saturated fats, compensated by a relative increase in calories from carbohydrates. The relationship between saturated fat intake and BP levels was previously reported in intervention trials but was not confirmed in a more recent study (34, 35) . Regarding the influence on BP of monounsaturated olive oil, the main source of lipids in the diet of people living in the south of Italy, which previous investigations by another group and ourselves (18, 19) had found to be inversely associated with BP levels, the present investigation did not detect a difference in its consumption among the three BP tertile groups. However, it is interesting to note that, in keeping with the dietary habits in southern Italy, olive oil was found to be the main source of fat in all our patients, and its consumption did not antagonize the achievement of the therapeutic goal. On the other hand, increased intake of foods rich in saturated fats and salt, as cheese and salami are, was asso-ciated with higher BP levels, while increased daily intake of legumes and vegetables, which are rich in indigestible fibers and potassium, and that of fish was associated with lower BP values. Regarding daily sodium intake, the three groups showed similar restriction even at the end of the follow-up period, despite their different levels of BP control: it is conceivable that the reduction in sodium intake may have contributed to the 18/8 mmHg reduction that was still observed at the end of the follow-up in the second group, as well as to the 3 mmHg reduction in DBP and the lack of increase in SBP in comparison to the baseline measurement in the third group. The reduction of salt intake was in agreement with a previous study in which a close control of dietary habits was found to strongly encourage salt restriction (36) .
A third point to be discussed is the role of other noncaloric elements such as calcium and magnesium, which is still debated. In the present study we found that calcium intake was not associated with BP values, but magnesium intake was inversely associated with BP levels: patients with the worst BP control showed a 15% reduction of magnesium intake in comparison to patients in the first tertile.
A fourth point of discussion is related to the wine consumption, since moderate intake of wine has been suggested to lower BP. Unfortunately no conclusion may be drawn from the present study because the wine intake was very low and extremely similar among groups.
Finally, although the present study was performed in a population largely sedentary (almost 60% of the participants were sedentary), our results showed that patients with the best BP control were those who tried to perform at least some physical activity, even if only daily walking.
Limitations of the Study
The present trial design was chosen in order to work backwards from achieved pressure to see what, if any, parameters might have led to the differences observed, rather than attempt to look at the effect of diet on BP. This is, obviously, a less powerful tool than a randomized trial for determining cause and effect. A more powerful trial design would have been to randomize patients who had completed 6 months of an intensive diet either to stay on that diet or return to their usual diet and then see what happened to their BP. However, in this case, we would have had to discontinue, at least in some patients, an effective dietary treatment, which all recent guidelines indicate is essential in order to reduce the cardiovascular risk of these patients. Approval of such a trial would have been denied by the local ethics committee.
Conclusions
In conclusion, this study showed that an initial care program, including dietary treatment, was able to induce a significant reduction in BP and BW. However, along with the beneficial effects of a healthy diet on BP control, there are several diffi-culties-in terms of total daily energy, salt intake and types of food consumed-that discourage the long-term compliance of hypertensive patients with a prescribed dietary regimen. This evidence strongly supports the notion that an integrated team of doctors, dieticians and psychologists should be placed in charge of the direction of the hypertension outpatient clinic in order to extend the initial care approach to hypertensive patients as long as possible. This program should associate to the drug treatment a continuous counseling of non-pharmacological measures, including nutritional habits and physical exercise, to reduce BP levels and prevent other metabolic abnormalities able to induce an enormous increase in the cardiovascular risk.
